Several physiological and pharmacological influences are known to alter the degree of obstruction in hypertrophic obstructive cardiomyopathy (hypertrophic subaortic stenosis, muscular subaortic stenosis). Increased left ventricular-arterial systolic gradients in the beats following a ventricular ectopic contraction and following the administration of isoprenaline and of digitalis are probably related to positive inotropic effects (Brockenbrough, Braunwald, and Morrow, 1961; Braunwald, Brockenbrough, and Frye, 1962; Braunwald and Ebert, 1962). The basic mechanism producing increased gradients during the Valsalva manceuvre, amyl nitrite inhalation, and nitroglycerine administration on the one hand, and diminished gradients with phenylephrine or methoxamine administration are not fully understood. The probable importance of changes in arterial pressure (Wigle et al., 1963) and of changes in ventricular volumes have been emphasized (Braunwald et al., 1964) . Cross and Salisbury (1963) succeeded in reproducing some of the hemodynamic features of the disease in dogs by decreasing the cardiac output, provided the pericardium was closed. They first suggested that diminished ventricular volume was the factor responsible for subaortic obstruction. Should diminished cardiac output, blood volume, and ventricular size prove to be important determinants of increased obstruction in patients with hypertrophic obstructive cardiomyopathy then the therapeutic implications are obvious. Since treatment is not yet fully satisfactory or understood and the disease is most hazardous, it was decided to study the hmmodynamic effects of rapid withdrawal followed by reinfusion of blood.
Statham strain gauges (p23D) were used to register the pressures and the observations recorded on a N.E.P. multichannel photographic recorder. The cardiac outputs were measured by an indicator dye dilution technique using indocyanine green and the Gilford densitometer. The electrocardiogram was monitored continuously and a phonocardiogram was also recorded throughout the procedure.
Observations of simultaneous left ventricular, femoral artery, and right atrial pressures and cardiac output were made initially, after venesection of 500 ml., and then following rapid re-infusion of the blood. The left ventricular and femoral artery pressures were registered continuously during venesection and reinfusion procedures.
Venesection was accomplished by removal of 500 ml. of blood within 10 to 15 minutes through the catheter in the right atrium in 5 patients. In one other patient a forearm vein was used. The entire quantity was then re-infused into the patient via the route used for withdrawal. This was also completed within 10 to 15 minutes.
In 2 patients (No. 5 and 6) the entire procedures of venesection and re-infusion were repeated after fl-adrenergic and parasympathetic blockade induced by the intravenous administration of 10 mg. I.C.I. 45520 (Inderal) and of 1 mg. atropine sulphate respectively. 
RESULTS
The results are summarized in the Table. Left Ventricular-arterial Systolic Gradients. Four patients having an initial gradient of 15 to 80 mm. showed an increase following venesection (Fig. 1) after venesection and re-infusion procedures. Cardiac Output. After venesection afall in These were repeated in two after ,-adrenergic cardiac output of 15 to 60 per cent was noted in blockade (I.C.I. 45520 Inderal) and parasym-. 5 patients. In 3 of these, re-infusion was path-tic blockade (atropin-). followed by a return to, or near to, the initial level, while in the other 2, though some increase in cardiac output was noted, the initial levels were not reached. In one other (No. 1) the output was not significantly altered after venesection and showed some increase after re-infusion.
The cardiac rate was not appreciably altered by either the venesection or the re-infusion procedures. The calculated stroke volume, therefore, was reduced after venesection and increased after re-infusion in 5 patients. In patient No. 1, whose output was unchanged after vene$ection, the stroke volume was also essentially unaltered.
Thus venesection resulted in a fall in cardiac output and stroke volumes; however, left ventricularfemoral arterial systolic gradients increased in 5 of the 6 patients. These effects were reversed after re-infusion (Fig. 1) . after re-infusion were the result of diminished obstruction. These effects of venesection and reinfusion were not altered by either fl-adrenergic or vagal blockade in either of the patients in whom this was studied, presumably indicating that the responses were not reflexly mediated. Since the heart rate was essentially unaltered during the various studies with patients in the supine position, the variable obstruction appears to have been causally related to the variations in blood volume. Thus, after venesection the cardiac output and blood volume were reduced, the left ventricular enddiastolic pressure was lower, and the size of the left ventricular cavity was probably diminished, thus favouring increased obstruction to left ventricular outflow. On re-infusion, increase in the size of the left ventricular cavity which was filled at a higher left ventricular end-diastolic pressure presumably prevented the approximation of hypertrophied muscle in the outflow tract, and thus the obstruction was lessened.
A rather alarming reduction in cardiac output after the second venesection procedure following fl-adrenergic block and vagal block was noted in both the patients so studied. Since the heart rate was not significantly altered the fall may have been due to changes in the peripheral vascular bed. It has been suggested from well-controlled observations that the systemic venous bed contains both a-and ,B-adrenergic receptors and stimulation of either results in veno-constriction (Kaiser, Ross, and Braunwald, 1964) . It is conceivable that 3-adrenergic blockade induced by I.C.I. 45520 prevented the veno-constriction that was necessary to maintain cardiac output after venesection. These effects following 3-adrenergic blockade thus need to be carefully examined.
The results of the present study offer a probable explanation for the mechanism of variations in the left ventricular outflow obstruction in this disease under various influences. Increased obstruction during peak strain of the Valsalva manceuvre, and during expiration (with slow deep breathing), is probably related to decreased inflow into the left ventricle and decreased ventricular volume . Venesection intensified and re-infusion reduced or abolished these respiratory variations. Similarly amyl nitrite inhalation and nitroglycerine presumably act in this way (Wigle et al., 1963; Goodwin et al., 1964) . Reduced systolic volume from increased vigour of contraction during inotropic stimulation would bring into line the increased obstruction resulting from drugs such as isoprenaline. Conversely, administration of vaso-active drugs such as phenylephrine or, methoxamine with attendant bradycardia probably results in increased ventricular volume which in turn would diminish obstruction. The increase in the left ventricular end-diastolic pressure with phenylephrine despite a decreased gradient tends to support this suggestion relatively normal early ejection would further reduce the size of the cavity until a critical point is reached when the obstruction can be hemodynamically apparent. Furthermore, positive inotropic influences such as the administration of digitalis or isoprenaline which are shown to increase obstruction may act by producing an increased ejection of blood in early systole, which results in a critical reduction in the size of the left ventricular cavity. The post-ectopic beat following a long diastolic pause is shown to be associated with increased obstruction in this condition. The explanation for this is not apparent since the end-diastolic pressure and probably the end-diastolic volume are increased after a long diastolic pause. This pause is followed by a stronger beat which may also be more effective in increasing the amount of blood ejected during systole. On the other hand, it is quite probable that positive inotropic influences act independently of ventricular size and favour obstruction in spite of increased dimensions. It may be pointed out that the results of the present study do not refute the alternative hypotheses that variations in aortic and arterial pressures are the determinants of variable obstruction in this disorder. This view was originally put forward by Brock (1957) and has been recently championed by Wigle et a l . (1963) . In the present study venesection was uniformly associated with reduced arterial pressures while re-infusion was associated with increased pressures. It is our opinion that a greater reduction in arterial systolic as compared to left ventricular pressure is the result rather than the cause of increased obstruction.
The present work confirms the experimental observations of Cross and Salisbury (1963) . These authors producedhemodynamic evidence of left ventricular outflow obstruction in 10 out of 23 normal dogs by a deliberate reduction in cardiac output, with the pericardium intact. In 13 other dogs, additional inotropic intervention produced a functional obstruction. They observed that a critical reduction of minute volume (usually 50 ml./kg./min.) was required to induce obstruction. These effects were prevented by opening the pericardium. Since the functional obstruction could be influenced by positive inotropic influences such as isoprenaline and also by negative inotropic influences such as hypothermia they did not consider either the heart rate or the ejection velocity to be the basic mechanism.
It is possible that a critical reduction in the size of the left ventricular cavity is essential for obstruction to become manifest in hypertrophic cardiomyopathy, and that this may vary from one patient to another depending on the degree and situation of the hypertrophied muscle in relation to the outflow tract. Judging from our present results and the experimental observations by Cross and Salisbury (1963) on the effect of ventricular size on obstruction, we have speculated that the beneficial effects of various operations undertaken for this condition are related merely to pericardiotomy which permits the ventricular volume to increase (Bentall et al., 1964) . Increase in blood volume in left ventricular failure has been attributed to aldosterone release reflexly mediated through a rise in left atrial pressure. In the absence of heart failure such a sequence may even explain the high output and absence of outflow obstruction seen in some patients with non-obstructive hypertrophic cardiomyopathy and explain also occasional spontaneous progression from a seriously obstructed into a non-obstructed phase of the disease (unpublished observations).
The therapeutic implications of our observations that venesection increases the functional obstruction in this disease while infusion ameliorates obstruction are apparent. Caution seems to be warranted in the use of diuretics in this condition for enthusiastic treatment with diuretics may significantly reduce blood volume and paradoxically worsen obstruction. Since digitalis and isoprenaline are shown to increase obstruction their use is generally contraindicated in this disease. Similarly, nitroglycerine for relief of angina in these patients may prove to be harmful. One young patient in our series who had been prescribed nitroglycerine noticed considerable subjective distress and preferred to bear the angina] pain to the distress caused by its attempted treatment.
Judging from the results of the present study on the effects of blood volume, it is possible that expansion of circulating blood volume (achieved perhaps by administration of albumin) may offer a therapeutic approach. In this respect the hemodynamic effects of increased blood volume during pregnancy may prove to be beneficial. However, the adverse effects of increased levels of circulating catecholamines cannot be ignored and the final outcome of an altered physiological state remains unpredictable. Since the adverse hmmodynamic effects of catecholamines are well established, studies to determine the long-term effects of treatment with ,B-adrenergic blocking drugs such as pronethalol or I.C.I. 45520 (Inderal) are in progress. We are also attempting to study the effect of drugs such as reserpine which deplete the tissue stores of catecholamines.
SUMMARY
During the course of diagnostic investigations, the effects of rapid changes in blood volume on left ventricular outflow obstruction were examined in 6 patients with hypertrophic obstructive cardiomyopathy. Venesection resulted in a diminished cardiac output and stroke volume, while the left ventricular-arterial systolic gradients increased. The obstruction was relieved following a rapid re-infusion of blood and the cardiac outputs and stroke volumes were restored. These effects of changes in blood volume persisted after fi-adrenergic and parasympathetic blockade in 2 patients so studied.
Increased obstruction with decreasing blood volume is probably related to decreased dimension of the left ventricular cavity. On the basis of our results, the mechanism of the hemodynamic effects of various manceuvres and drugs that influence obstruction in this disease are discussed. Various therapeutic approaches that may prove harmful are indicated, and the possible modes of treatment that may be beneficial are discussed.
